Multiple myeloma accounts for 10% of the hematologic malignancies and is characterized by a single clone of plasma cells producing a monoclonal protein. The aim of this review is to summarize the current treatment methods of multiple myeloma. In the last 15 years, the incidence of myeloma has increased in patients younger than 65 years, thus treatment became even more important in order to obtain a long lasting remission or plateau phase. The treatment of this disease is complex and focuses not only on increasing the patients' survival, but also improving their quality of life.
INTRODUCTION
Multiple myeloma is an incurable, heterogeneous, malignant plasma cell disorder. Treatment results have improved recently, but relapse and recidivism are still an important problem. Firstly, a decision should be made if the patient is eligible or not for stem cell transplantation, based on age, comorbidities, and risk assessment, and an individual treatment strategy should be established for each patient, for each situation. 1 The aim of this review is to summarize the current worldwide treatment methods of multiple myeloma, highlighting their advantages and disadvantages.
HIsTORICAL REvIEw
The most important milestones in the treatment of multiple myeloma are listed below. First, melphalan and prednisone represented the standard treatment for multiple myeloma, introduced by Bersagel et al. in 1962. 2, 3 This type of treatment might still be the best option for patients who are ineligible, do not tolerate, or do not have access to new agents. Later, alkylating agents such as anthracyclines and vinca alkaloids were added to the melphalan + prednisone combination. 4 The first autologous stem cell transplantation was performed in 1980. Afterwards, optimal conditioning was the next challenge.2 In 1995, a two-arm study was initiated for transplant-eligible patients, comparing high-dose melphalan (200 mg/m 2 ) with high-dose melphalan (140 mg/m 2 ) plus total body irradiation. The result was unequivocal: high-dose melphalan was less toxic than high-dose melphalan with total body irradiation. 5 In 1997, Barlogie and his team proved the advantage of high-dose melphalan compared to conventional chemotherapy, median survival being significantly higher in case of melphalan. 6, 7 Thalidomide was discovered as an antiepileptic agent in 1954, but it showed increased teratogenic effects. After being withdrawn from circulation, new research was undertaken, and its efficacy in the treatment of multiple myeloma was first reported in 1999. 8 In a study performed in 2010, the effect of the bortezomib + thalidomide + dexamethasone (VTD) combination was demonstrated as a consolidation therapy. The study was performed with patients who received induction therapy with vincristine + doxorubicin + dexamethasone (VAD) followed by autologous stem cell transplantation and achieved very good results in triggering a partial remission. 9 
THE PREsENT IN mULTIPLE myELOmA TREATmENT
Multiple myeloma is a plasma cell disorder, characterized by elevated levels of calcium (hypercalcemia), renal insufficiency, anemia, bone lesions, skeletal destruction, and other systemic symptoms. 1 These are signs of end-organ damage.
The diagnostic criteria of multiple myeloma are represented by the presence of serum or urinary monoclonal protein and evidence of end-organ damage. With the help of flow cytometry, it is possible to differentiate monoclonal plasma cell proliferation from reactive plasmacytosis that occurs in connective tissue disorders. 1 In 1975, Salmon and Durie invented the Durie-Salmon Staging System as a prognostic tool, presented in Table 1 . The international staging system for myeloma is presented in Table 2 .
The aim of treatment in multiple myeloma is to control the disease, to stabilize the malignant process, to achieve a plateau phase, to maximize quality of life, and to extend survival. 1 First, the clinician must decide whether the patient is eligible or not for stem cell transplantation (Figure 1 ). The eligibility criteria vary from country to country. In European countries, stem cell transplantation is recommended under 65 years of age, but nowadays it depends upon the "physiological age" rather than the chronological age of the patient.10 Furthermore, serum creatinine level, the Eastern Cooperation Oncology Group performance status, and the New York Heart Association functional status need to be considered. If a patient has renal failure and the creatinine level is over 2.5 mg/dl, stem cell transplantation is indicated, but the mortality rate is higher. 11 The standard formula for a transplant-eligible patient consists of induction therapy, stem cell mobilization and harvesting, autologous stem cell transplantation, and consolidation or maintenance therapy.
Nowadays, induction therapy consists of glucocorticoids with novel agents (proteasome inhibitors: bortezomib and carfilzomib, immunomodulatory derivatives: thalidomide, lenalidomide). [11] [12] [13] [14] Novel agents combined with cytotoxic drugs (for example: thalidomide + dexamethasone, or bortezomib + dexamethasone and cyclophosphamide or doxorubicin) have successful results. These combinations are increasing overall response and the chance of complete remission. 13 At start, the following treatment methods are suitable choices: 3 or 4 cycles of bortezomib + dexamethasone, or lenalidomide + dexamethasone, or thalidomide + dexamethasone. 11, 14 It is very important that the stem cells are harvested before the administration of alkylating agents, because this medication is deteriorative for the hematopoietic stem cell. Research has also proved the difference regarding the number of stem cells after harvesting with and without alkylating agents. 14 After 3-4 cycles of induction therapy, stem cell mobilization and harvesting can be performed. Following long-term therapies based on alkylating agents, the ability to mobilize a sufficient number of stem cells becomes reduced. While performing the mobilization, granulocyte colony-stimulating factor (G-CSF), with or without cyclophosphamide, can be used. This antineoplastic medication usually stimulates the production of more stem cells than G-CSF alone. The disadvantage of mobilization with cyclophosphamide is the longer time to begin collection, and the secondary neutropenia and thrombocytopenia.
The ideal number of CD34+ stem cells/kg is 5-6 × 10 6 / kg. This quantity is sufficient for two transplantations. Patients with poor mobilization may benefit from treatment with G-CSF and plerixafor, a first-class CXCR4 receptor antagonist, which significantly improves the number of collected stem cells and allows the transplantation for poor mobilizers too. 12 Stem cell mobilization is more efficient with plerixafor, 15 which is indicated in association with G-CSF for the mobilization of hematopoietic stem cells into the peripheral blood. 16, 17 In the Clinic of Hematology and Bone Marrow Transplantation of Tîrgu Mureș, Romania, a study on poor mobilizers patients is in progress. The study is not specifically for patients with multiple myeloma, but the partial results are significantly satisfying. We used doses of filgrastim (15 μg/kg/day) combined with 0.24 mg/kg of plerixafor on day +5 or +10 of mobilization, and all included patients obtained a sufficient number of stem cells using this method. 18 
AUTOLOgOUs sTEm CELL TRANsPLANTATION
If the patient achieved a very good partial response, the transplantation may be performed without maintenance therapy, but is recommended that the first autologous stem cell transplantation to be performed after mobilization or delayed until relapse. Newly diagnosed MM
Transplant-eligible patient
Stem cell mobilization and harvesting The most important role of stem cell transplantation for standard-risk patients is to achieve a plateau phase, or to stabilize the disease if we already achieved a plateau phase with induction therapy. Early autologous stem cell transplantation is preferred after stem cell harvesting, because in this case the chemotherapy period becomes shorter if the patients get in a plateau phase after transplantation. 2, 7 A second transplantation is recommended if the patient did not reach complete remission or very good partial remission (VGPR), or relapses in less than 12 months after the first transplantation. 19 The conditioning regimens can be performed with melphalan 140 mg/m 2 combined with total body irradiation or melphalan 200 mg/m 2 . 5 In the Clinic of Hematology and Transplant of Tîrgu Mureș, the conditioning treatment is performed only with melphalan, without irradiation. This method has an advantage: hematopoietic recovery is more rapid, thus the patients do not need so many transfusions and the hospitalization period is shorter.
Transplant-ineligible patient

Consolidation or maintenance therapy
Consolidation therapy is defined as a distinct course of therapy for stabilizing and preserving the response. It is a short-duration therapy that uses novel agents. Maintenance therapy is defined as a long therapy (above 1 year), and the aim is to maintain the response achieved by consolidation therapy. 2, 20 After autologous stem cell transplantation for consolidation or maintenance therapy, immunomodulatory drugs and proteasome inhibitors are recommended. 13 In the CALGB 100104 study, patients had received lenalidomide as maintenance therapy after single autologous stem cell transplantation, and progression-free survival was twice as long with lenalidomide compared to placebo. 21 Thalidomide is an oral immunomodulatory derivative that may be an effective option for patients with stem cell transplant-eligible multiple myeloma. Many studies have reported the excellent effects of maintenance therapy after autologous stem cell transplantation and demonstrated an improved overall survival rate. 22 The combined treatment with melphalan and prednisone has shown good results. 23 Sonneveld et al. have shown that progression-free survival with bortezomib maintenance course is higher than with thalidomide (36 months vs. 27 months, respectively). 24 Studies performed in 2001 and 2006 evidenced that the alfa-interferon maintenance therapy had only a modest benefit in the overall survival. 25, 26 For transplant-ineligible patients (>75 years, comorbidities) the induction treatment is different. Combinations of the standard therapy melphalan + prednisone with novel agents, such as bortezomib, thalidomide, or lenalidomide, can be used. In high-risk patients melphalan + prednisone + bortezomib can be administered, and in standard risk patients melphalan + prednisone + thalidomide (MPT) is recommended. 20 The response rate with the MPT course is more efficient than the melphalan + prednisone (76% vs. 48%, respectively). 13 It is important to mention that the risk of myelodysplasia is higher in case of alkylating agents. The maintenance therapy in these patients is also performed with novel agents. 13 
RELAPsED OR REfRACTORy mULTIPLE myELOmA
Multiple myeloma patients will eventually develop resistant or refractory disease. The modality of treatment is depending on the preceding plateau phase. If relapse occurs after more than 6 months, the initial therapy can be reinsituted, including thalidomide and corticosteroids, or lenalidomide. Also, bortezomib, which is proteasome inhibitor PS 341 and which shows excellent effects in certain cases of refractory myeloma, can be used. Bortezomib is administered intravenously, 1.3 mg/m 2 on days 1, 4, 8, and 11, with dexamethasone. 27 
CONsIDERATIONs REgARDINg NOvEL AgENTs
Thalidomide should be administered for no longer than a 12-month period, because of its adverse effects that include deep-venous thrombosis, frequent infections, and peripheral neuropathy. 13, 28, 29 The side effects of bortezomib are similar to thalidomide, peripheral neuropathy being the most important, but anemia, thrombocytopenia, neutropenia, or gastrointestinal symptoms can also occur. In case of side effects, the dose is reduced to weekly administrations. In contrast, bortezomib does not produce a higher level of thromboembolic risk compared to thalidomide. 13, 30, 31 Lenalidomide increases the risk of developing a second malignancy. 32 Other side effects include neutropenia, anemia, thrombocytopenia, gastrointestinal effects.
Quality of life must be considered in these patients, and therapeutic interventions can impact it negatively through the occurrence of peripheral neuropathy, fatigue, leg swelling, balance problems, asthenia, constipation, nausea, and vomiting. 33 Sometimes, a beneficial effect can be obtained through dose reduction or changing the route of drug administration.
PROgNOsTIC fACTORs AND COmPLICATIONs IN PATIENTs wITH mULTIPLE myELOmA
Multiple myeloma accounts for 10% of the hematologic malignancies and is characterized by a single clone of plasma cells producing a monoclonal protein that can cause renal failure, recurrent infections, or hyperviscosity syndrome. 34 Unfavorable prognostic factors are represented by increased levels of C reactive protein, lactic dehydrogenase, beta-2-microglobulin, total proteins, and creatinine, and decreased levels of albumin, hemoglobin, and platelets. 1 Anemia is present in most cases of myeloma, because these patients have an inappropriate erythropoietin response. In these cases, erythropoietin therapy can be administered in a dose of 40,000 U/week until hemoglobin levels exceed 13 g/dL, or darbeopoetin 200 µg every 2 weeks. Anemia can also be caused by folate, vitamin B12, or iron deficiency, which should be treated. The presence of anemia may be a cause of bone marrow involvement or renal insufficiency. 35, 36 Hypercalcemia may be asymptomatic, or symptomatic with nausea, polyuria, polydipsia, confusion, anorexia. It is present in 18-20% of patients with multiple myeloma and is a major cause of renal insufficiency. 37 Skeletal disease is present in 80% of patients at the time of diagnosis. It is shown by radiographic or magnetic resonance imaging. The treatment for this complication can include pamidronate (should be reduced in patients with severe renal insufficiency), zolendronate, or clodronate (may be given orally). 36, 37 Renal insufficiency is present in 50% of patients at the time of diagnosis and its major causes are hypercalcemia and the excessive production of monoclonal light chain. In this case, the use of bortezomib with dexamethasone is recommended, or, in some acute cases, plasmapheresis can be initiated, while maintaining a proper hydration level of the patient. 1,2 Hyperviscosity syndrome has relatively scarce signs and symptoms; it can cause cerebral signs (blurred vision, confusion), pulmonary manifestations such as pulmonary edema that is deteriorated by administration of diuretics, renal manifestations, and bleeding. Hyperviscosity syndrome should be treated by plasmapheresis. 13 Thromboembolic risks should be managed in patients receiving thalidomide or lenalidomide. If these agents are used with low-dose dexamethasone, anticoagulation therapy is recommended. 38 If the patient has any risk factor for thrombosis (obesity, bed rest, previous thromboembolic event), anticoagulation must also be considered.
Immunosuppression and infections are caused by a defected function of B and T cells. To prevent infections, antiviral (acyclovir) and antifungal therapies (fluconazole, posaconazole, caspofungin) are administered. For the prevention of Pneumocystis carinii infections, prophylactic administration of trimethoprim-sulphamethoxazole is recommended. Intravenous immunoglobulin infusion is important in case of patients with hypogammaglobulinemia. 2 Another severe complication is spinal cord compression in extramedullary plasmacytomas, which can be treated with medication (dexamethasone), radiotherapy, or surgical decompression. 2, 13 CONCLUsIONs The treatment of multiple myeloma patients must be individualized according to risk assessment, age, comorbidities, compliance, toxicities, and quality of life. Autologous stem cell transplantation is a safe and effective therapy for multiple myeloma and is an efficient consolidation therapy in eligible patients.
